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FOREWORD

PURPOSE. This memorandum is a functional design document con-
cerned- primarily with the technical design of the structures necessary
to achieve the objectives previously approved in Design Memorandum
No. 2 - Phase I - Plan Formulation, '

SCOPE. In accordance with ER 1110-2-1150 duplication of data
presented in the Phase I - Plan Formulation Memorandum has been
minimized. This document includes the Phase I1 - Project Design,
Site Geology & Interilor Drainage for Part I - Box Conduit portion
of the total project. '

The remainder of the project will be presentéed in Design Mem-
orandum No. 2 - Phase II - Project Design, Part II - Auxiliiary
Conduit.

For purposes of estimating the total cost of the project and
computing the Benefit to Cost Ratio a brief resume of the work
accomplished to date on the Auxiliary Conduit has been included in
this part of the memorandum.

vii



PURPOSE
LOCATION

State
County
City
River

WATER RESOURCES DEVELOPMENT PROJECT

PARK RIVER LOCAL PROTECTION
CONNECTICUT RIVER BASIN
HARTFORD, CONNECTICUT

Riwver Basin

PARK RIVER DRATINAGE AREAS

A,

Park River at the Mouth
North Branch Park River
South Branch Park River

RECORD OF MAJOR FLOODS

Year

1936
1938
1938
1955
1955

Month

March
January
September
August
October

PERTINENT DATA

Flood Control

Connecticut

Hartford

Hartford

Park River & North and South
Branch Park River
Connecticut

78.7 Square Miles
27.7 Square Miles
47.0 Square Miles

Peak Discharge, c.f.s. *

5,400
5,650
5,320

14,000
6,420

*Gage at Riverside St. on Park River about 600 feet below junction of
North and South Branches.

AREAS

Subject to flooding, Acres

3,000

Inundated 1955 flood of record,

Acres

Properties protected

2,300
Industrial, commercial,
residential and public



TWIN-RECTANGULAR BOX CONDUIT

Material
Length
Condult Sections in Feet
Existing (12,743 ft):
Original (1944) 5,600
Section 1 1,213
Section 3 1,710
Section 6 1,460
Section 8 2,760
Proposed (4,036 ft):
Section 2 1,232
Section 4 1,337
Section 5 103
Section 7 1,044
Section 9 320

AUXILIARY CONDUIT.

Length, feet
Size, Inside Dia.
Material

CONDUIT CAPACITIES

North Branch (Sections 7, 8, & 9)
Normal Flow Control
System Capacity Portion

South Branch (Sections 5 & 6)
Normal Flow Control
System Capacity Portion

Reinforced Concrete

Half Section

Width

30!_0"
34'-0"
34'-0"
36!_0"
22!_0"

34 * _OII
34'-0"
36" ~0"
220"
22'-0"

Park River (Sections 1, 2, 3, & 4, plus

original 5,600 ft. length)

Auxiliary Conduit (22 ft. dia.)

Height

19'-4"
26'-6"
26 f_6l‘l
27'-6"
25 1 _0"

26"‘6"
26 1 __6"
27 t -6"
25!__0"
25! _OH

9,100
22'~Q" -
Reinforced Concrete

10,000 CFS
7,200 CFS

22,000 CFS
16,600 CFS

18,000 CFS

5,800 CFS



SYSTEM DESIGN CAPACITY (Conn. River Stage of 30 ft. MSL)

Park River Conduit
Auxiliary Conduit
Total

HEADWALLS

South Branch (Existing):
Elevation

Freeboard

Ponding Level

Material

North Branch:
Elevation
Freeboard
Ponding level
Material

POPE PARK PUMPING STATION
(Formerly Riverside Pumping Station)

Location

Capacity, cfs
Area Controlled, Acres
Runoff Controlled, inches per hr

° ARMORY PUMPING STATION

Location

Capacity, cfs

Constructed by Others:
Substructure, Approx. Size
Sluice Gates, each
Flap Gate, each

Discharge Conduit

Gravity Conduit

Sluice Gates, each

Pumps, each

Superstructure, Approx. Size

(L~shape)

18,000 CFS
5,800 CFS
23,800 CFs

54.5 MSL

2.5 ft
52.0 MSL
Reinforced Concrete

54.5 MSL

2.5 ft
52.0 MSL
Reinforced Concrete

Pope Park by Conduit
Section 4

75

40

1

State Armory by Conduit
Section 1
120

70' x 90'

4

1

7' wide x 7' high
8' wide x 7' high
2

3

50" x 57"-6"



LANDS AND DAMAGES

Lands Previously Acquired in Fee 9,50 acres
Permanent Easement 8.05 acres
Temporary Easement 28.39 acres

Building . Two level brick garage

PRINCIPAL QUANTITIES

Excavation, General 242,200

C.¥.,
Excavation, Rock 187,300 c.vy.
Backfill Materials ' 358,000 c.vy,
Concrete . 170,000 c.¥y.
Steel Reinforcing 24,473,000 1bs.
Steel Bearing Piles 60,300 1.f,
Steel Sheet Piling 98,800 s.£,
Steel Tunnel Support 6,000,000 1bs.
Steel Rock Bolts 25,000 1.f.
Steel Lagging 40,000 1.f.
Steel Liner Plate-tunnel in earth 1,100,000 1bs
Drainage Facilities 1 job
Seeded Topsoil 92,000 s.vy.
Pumping Stations (2) 1 job

ESTIMATED PROJECT COSTS (July 1974 Price Level)

Lands and Damages 1,350,000
Relocations 950,000
Pumping Stations 800,000
Conduit Extension 24,700,000
Auxiliary Condult 36,500,000
Engineering and Design 4,900,000
Supervision and Administration 4,100,000

Total First Cost 73,300,000

COST APPCRTIONMENT

Federal 71,000,000
Non-Federal 2,300,000

ECONOMIC ANALYSIS

Annual Benefits 3,392,400
Annual Costs 2,689,000
Benefit-Cost Ratio 1.3 to 1

CONSTRUCTION PERIODS

ears

Box Conduit 3.5 Y
3.5 Years

Auxiliary Conduit

.



B. LOCAL COOPERATION

1. VIEWS OF LOCAL INTERESTS. Meetings have been held with local
officials to keep them advised as to the progress of the preliminary
design of the project, to exchange ideas, and to keep them informed
of the total estimated project cost and non-Federal costs.

The Court of Common Council of the City of Hartford has re-
affirmed the intention and willingnesss of the City to cooperate
and participate in flood control planning and works by the passage
of a Regolution on 14 January 1974. A letter dated 4 February 1974
confirming this action and attested to by Robert J. Gallivan, City
Clerk is dincluded in Appendix A as Exhibit 1.

AsyloirHill, Inc. is an influential neighborhood improvement
association which is concerned with the impact of the local flood
protection preject as it pertains to thelr area of interest., Mr,

Jean R. Belair, Jr., Associate Director of the association has recently
reviewed the current plans for the project with the City of Hartford
Engineering Department. Their letter endorsing the project concept

is included in Appendix A as Exhibit 2,

At a meeting of the Court of Common Council of the City of
Hartford held on 12 August 1974 an Ordinance was passed by a vote
of 7 to 0 authorizing $3,000,000 in municipal bonds to provide funds
to meet the financial obligations of the City in accordance with the
requirements of the Assurances. A copy of this Ordinance is included
in Appendix A as Exhibit 3,

This Ordinance will require approval by the electors of the City
in accordance with the provisions of the Charter of the City.
Accordingly the Ordinance will be placed upon the voting machines
as a bond referendum for the approval of the electors on 5 November
1974,

The Chief of Engineers will be notified concerning the returns
for this Referendum as soon as official notification 1s receiwved
from the City.

2. LOCAL ASSURANCES. The conditions of the formal Assurances pre-
sented in Design Memorandum No. 2 ~ Phase I — Plan Formulation,
page 51, paragraph 51 have been modified.




Condition "b" was modified im accordance with the Water Resources
Development Act of 1974 which requires that the following words be
added to condition "b": '"except damages which are attributable to
the fault or negligence of the United States or its ‘contractors."

Condition "g." as presented in the Phase I - Plan Formulation
Design Memorandum reads as follows:

"g. Provide without cost to the United States_all alterations
- and relocations of buildings, utilities, highways and other
facilities made necessary by the construction of the project.”

This condition was added during the plan formulation stage
and is not contained in the authorizing document. This condition
has been deleted because 1t is in direct conflict with condition
"d" of the authorizing document,

The revised conditions of the formal assurances are as follows:

a. Provide, without cost to the United States, all lands,
easements, and rights-of-way required for comstruction and operation
of the works, including lands for pumping stations and spoil disposal
areas;

b. Hold and save the United States free from damages due to the
construction works, except damages which are attributable to the fault
or neglipence of the United States or its contractors;

¢. Maintain and operate all the works after completion in
accordance with regulations prescribed by the Secretary of the Army;

d. Upon completion of the conduit construction, replace pavements,
sidewalks, drainage and other appurtenances, including those at
Broad Street, Flower Street, Laurel Street, and Farmington Avenue,
and bear the cost of removal, veplacement, and modification to sewers,
drains, utilities, or highways beyond the area required for excavatien
and construction of the projects;

e. Prevent changes in the headpool ponding areas which would
decrease the effectiveness of the improvements and if ponding areas
and capacities are impaired, promptly substitute equivalent storage
capacity;

£. Undertake all practical measures to prevent pollution from
entering the Park River conduit system; and

g. Comply with the requirements specified in Section 210 and
305 of Public Law 91-646, 9lst Congress, approved 2 January 1971
entitled "Uniform Relocation Assistance and Real Property Acquisition
Policies Act of 1970.n




A request for formal Assurances from the Greater Hartford Flood
Commission and the State of Connecticut will be made after approval
of the Phase II - General Design Memorandum — Part I Box Conduits.
Construction of the Park River Local Protection Project will require
non-Federal interests to furnish Assurances imposed by the authorizing
legislation and current additional requirements satisfactory to the
Secretary of the Army.

This office has been informally advised that if the electors
vote favorably in the Bond Referendum on 5 November 1974 that it is
the intention of the City to take the necessary steps to execute the
Assgurances in early November 1974,

_ Thé Chief of Engiﬂeers will be notified concerning the execution
of the Assurances as soon as official notdfication is received from
+the City.

C. LOCATION OF PROJECT AND TRIBUTARY AREA

"3. GENERAL. The Park River basin is located in the central part of
Connecticut and drains a large portion of the metropolitan Hartford
atrea. The watershed has a drainage area of 78.7 square miles and is
‘roughly rectangular in shape with an average width in an east-west
direction of 5 miles and an average length in a north-south directiom
of 16 miles. Elevations range from about 200 feet msl along the lower
reaches of the basin to a maximum of about 900 £feet along the western
edge of the watershed. Most of the area, however, is below elevation
200 feet msl, with a rolling to hilly topography.

4. PARK RIVER. The Park River, located entirely within the confines
of the city of Hartford, is formed by the junction of the North and
South Branches. If flows in an easterly direction, discharging into
the Connecticut River about one half mile upstream of the Charter

Oak Bridge.

5. SOUTH BRANCH PARK RIVER. The South Branch, commencing at the
confluence of Trout and Piper Brooks, flows in a general northerly
direction and drains an area of 47.0 square miles south and west of
Hartford. It is 3.4 miles long and has a slope of 3.5 feet per mile.
Trout Brook, with an area of 19.6 square miles, originates in the

" Talcott Mountain range in West Hartford and Farmington. Piper Brook,
with a watershed of 22.2 square miles, develops in the hilly areas of
New Britain. Its two main tributaries are Mill and Bass Brooks with
respective drainage areas of 5.6 and 10.3 square miles., 1In the
tributary headwaters there are numerous lakes and swampy areas which
have a comnsiderable reducing effect on floodflows.




6. NORTH BRANCH PARK RIVER. The North Branch flows in a general
southerly direction, is 5.3 miles long, has a slope of 9.2 feet per
mile, and drains an area of 27.7 square miles west and north of Hart-
ford. It is formed by the junction of Wash and Tumbledown Brooks.
Wash Brook, with a drainage area of 5.7 square miles, drains the
northern part of the basin and originates in the town of Bloomfield.
Tumbledown Brook drains the western part of the basin and has an
area of about 8.7 square miles.

There is one lake and several swampy areas in the basin but they
have little medifying effect on floodflows in the North Branch.

D. HYDROLOGY

7. GENERAL. The hydrology for the Park River project was presented
in Design Memorandum No. 1, dated January 1973. Hydrologic analysis
for the project incorporated earlier studies -and data developed by
the Soil Conservation Service, the Greater Hartford Flood Commission
and the Corps of Engineers. The Park River condult sections now
under design will complete a comprehensive plan of improvements whose
initiation dates back to 1944. Completion of the improvements was
deemed the most reasonable alternative for minimizing the probability
of a digsastrous flood in downtown Hartford, Conmecticut. Hydrologic
design criteria for the proposed improvements is comparable to that
used in the design of adjoining improvements by others.

8. DESIGN FLOOD. The Park River improvements are designed for a flood
with a peak combined (inflow) of 32,000 cfs to conduit headwater
storage, a peak conduit discharge (outflow) of 23,800 cfs, and a
resulting maximum headwater elevation not to exceed 52 feet msl with

a coincident Conmecticut River tailwater stage of 30 feet msl.

The design flood for the Park River was developed using derived
unit hydrographs and the August 1955 storm rainfall,  as experienced
over nearby Westfield, Massachusetts transposed over the Park River
Basin.

The design storm has a 48-hour total rainfall of 18.3 inches
with an excess of 15.9 inches. In comparison, the Corps' standard
project storm for the area would have a 48-hour storm total of 12.8
inches resulting in an excess of 10.4 inches. The adopted design
storm rainfall was the same as that used by the Greater Hartford
Flood Commission in the design of existing conduits in the area. -
Pertinent hydrologic data for the Park River is listed in Table 1.



TABLE 1

PARX RIVER
PERTINENT HYDROLOGIC DATA

DRAINAGE AREAS
North Branch (sq. mi.)
(at Albany Ave. Gage) (sq. mi.)
South Branch (sq. mi.)
(at Newfleld Ave. Gage) (sq. mi.)
Park River (sq. mi.)

DESIGN FLOOD DISCHARGES

North Branch at Gage (cfs)

South Branch at Gage (cfs)

Local 8.1 sg. mi. (cfs)

Peak Inflow to Storage (cfs)

Peak Park River Outflow (cfs)

North Branch Conduit Discharge (cfs)
Peak Flow (cfs) .
{Contribution to Park River Peak)

South Branch Conduit Discharge (cfs)
Peak Flow (cfs)

(Contribution to Park River Peak)

DESIGN FLOOD LEVELS

Headwater Storage Elevation (ft. msl)
Connecticut River Tailwater Elevation (ft. msl)

FLOOD OF RECORD DISCHARGES

Park River (cfs)
North Branch (cfs)
South Branch (cfs)

RECORD STORM RAINFALL (inches)

DESIGN STORM RAINFALL (inches/48 hrs)

27.7
25.3
47.

40.6
78.3

9,400
19,100
4,480
32,000
23,800

7,900
5,800

18,400
18,000

52
30

14,000 (1955}
10,000 (1955)

5,000 (1955)
§.47  (1955)

18.3



9, HYDRAULIC ANALYSIS. Hydraulic analyses were performed to determine
the size of the Park River conduit sections required to convey the
‘design discharges. Hydraulic and energy grade lines and velocities

for the design flow conditicns and for a range of flow rates and
Connecticut River tailwater levels were determined both manually and
with the aid of computer program HEC 2, "Water Surface Profiles",
developed by the Hydrologic Engineering Center, Davis, California.
These data were employed in the development of discharge rating curves
for the major elements of the system, namely the main conduit, North
and South Branch conduits and the auxillary conduit.

A Manning "n'"" value of 0.013 was used to compute energy losses
due to frictional resistance while bend losses were computed using
coefficients of velocity head ranging from 0.01 to 0.09, depending
upon bend radius and deflection angle. Entrance and exilt loases
were estimated to be 0.3 and 1.0 times velocity head, respectively, and
loss due to contraction of area was computed using a coefficlent of
0.2 applied to the change in velocity head across the transition,.
Energy losses through the junction structure were determined by
hydraulic studies performed on a physical model of the condult system
at the Alden Research Laboratories of the Worcester Polytechnic
institute, Holden, Massachusetts., In addition to the evaluation of -
energy losses, the model study revealed the need for an air wvent to be
located on the South Branch conduilt just upstream from the junction
structure.

Under the design flood flow and tallwater condition, the entire
conduit system (main stem and both branches} will be operating under
pressure., Velocities are 5 fps and 9.5 fps in the North and South
Branch, respectively, and 10.5 fps in Sections 2 and 4 of the main
stem conduit.

" The results of the detailed hydraulic analysis and model study
will be presented in feature Design Memorandum No. 3, Hydraulie
Analysis. ; I

10. STREAMFLOW MANAGEMENT DURING CONSTRUCTION. Provisions have been
made In design for handling riverflows during thé construction of all
conduit sections. The sizing of diversion facilities was based on the
degree of risk and damage potential involved if the capacity of the
diversion facility was exceeded. In most all cases the damage po-
tential would be limited to that resulting from the flooding of the
construction site. Diversion facilities and cofferdams will be designed
to safely pass and protect against a moderate flow with some degree

of accepted risk. Secondly, the facilities will be designed so as

not to be a major obstruction to flows in the event of a large flood
during construction. The construction area will also be kept free

of unused materials and equipment that might obstruct flow in the
event of a flood.

10



. Peak discharge frequencies, both annually and seasonally, for
the Park River and its branches are listed in Table 2. Frequencies
were based on analysis of 25 years (1936~1961) of Park River dis-
charge records at the former Riverside USGS gaging station, compared
with observed peak flows on the branches during the past 10 years.
Peak discharges on the branches during the past 10 years are listed
in Table 3, ' :

TABLE 2

DISCHARGE FREQUENCIES

Park North South
River Branch Branch
(cfs) {cfs) {cfs)
ALL SEASON
5-Year Frequency 3,700 1,600 2,100
10-Year Frequency 5,100 2,200 2,900
20~Year Frequency 7,000 3,100 4,000
MAY-OCTOBER
5-Year Frequency 2,100 900 1,200
10-Year Frequency 3,800 1,600 2,200
20-Year Frequency 6,800 3,000 3,900
MAY-JULY
5-Year Frequency 1,200 500 700
10-Year Frequency 1,700 . 700 1,000
20-Year Frequency 2,500 1,100 1,400
11



TARLE 3

" PEAK DISCHARGES

(1963-1972)
North Branch Gage South Branch CGage
at Albany Avenue o at Newfield Avenue
(cfs) (cfs)

1963 520 March 6 902 October 5 (62)
1964 766  January 26 767  January 21
1965 890  February 25 1,580 February 25
1966 894 February 13 1,200 VFebruary 14
1967 610  April 18 420  April 18
1968 1,060 December 12 (67) , 610 December 12 (67)
1969 1,220 March 25 1,230 March 25
1970 1,740 February 3 1,080  April 2
1971 484  February 27 . 730  Februaxy 27
1972 1,750 March 3 2,190 June 30

In general, the twin barrel conduits will be constructed in
halves, therefore, once the initial barrel is completed it can serve
for diversion while the second is completed. The principal facility
for conveyance of flow duting construction of the initial conduit will
be a half circle corrugated metal flume 25 feet wide by 12.5 feet
deep. This flume will provide a maximum capacity of about 2,000 cfs.
It is contemplated that all phases of construction requiring use of
the flume will be performed during the summer season when the frequency
of high flow is at a minimum., Details of diversion and construction
sequence are discussed in section H "Construction Procedures and
Diversion Plan"

11.  ABMORY PUMPING STATIQN. Presently, there is a partially completed
Armory pumping station located adjacent to the Park River conduit

about 700 feet south of the downstream end of conduit section #2 and
about 500 feet northwest of the State capital. Construction of the
station by others was terminated pending completion of conduit section

#2. 1In Park River Design Memorandum No. 2, Phase I, "Plan Formulation,"

it was recommended that construction of the Armory pumping station
be completed at Federal expense as part of the overall Park River

flood control project. The Board of Engineers stated agreement with
the recommendation in their May 1973 letter to the. Chief of Engineers.
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During periods of high flow in the Park River, the station
will pump drainage from: (a) about 15.5 acres of interstate highway
and interchange area, (b} about 17.9 acres of highly developed area
in the vicinity of, and including, the State Armory parking area, and
(c) a 48-inch combined sanitary and storm sewer. Based on a hydrologic
analysis of the area served, the design capacity of the station was
reduced from 180 to 120 cfs. Pertinent hydrologic data used in arriving
at the adopted capacity is listed in Table 4,

12. ©POPE PARK PUMPING STATION (Modified Riverside Pumping Station).
The justification for the Riverside Pumping station, as proposed in
Design Memorandum #1, was questioned by OCE in Indorsements 1 and 3.

As a result of these comments and further study of the area, a modified
design was developed and presented in Indorsement #4.

The modified plan consists of a pumping station for discharging
interior runoff only from 40 acres of high damage area east of
Sigourney Street. Pumping will not be provided, as was originally
proposed, in the remaining 130 acres of interior area west of
Sigourney Street.

The pumping station for the 40-acre area will have a capacity of
75 cfs, equivalent to the peak runoff rate from a 1l0~year frequency
storm. Annual net benefits for the station were found to be maximized
at a capacity of 75 cfs with a B/C ratio of 4.2. Pertinent data for
this pumping station is given in Table 5.

13. LOW LEVEL DRAINS. The layout of the low level drainage system
is shown on Plates 2A-14 and 24-15. Design criteria is contained in
Design Memorandum No. 1, HYDROLOGY, Par. 17, page 25. Briefly stated,
the drains are sized to discharge the runoff from a 50-year frequency
storm with gravity outfalls designed for a 100-year storm. All low
level outfalls into the conduit will be gated.

For conduit sections 2, 4, and 7, runoff will be collected and
piped parallel to the conduit on both sides of the conduit. At four
locations (2 on each side) the drains will discharge intoe the conduit
through structures that will permit positive closure of the drains.
These discharge points will be Jocated at Station 11470 (Section 7)
and Station 38+70 (Sectiom 4).
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TABLE 4
ARMORY PUMPING STATION
PERTINENT HYDROLOGIC DATA

‘ Selected
Control Freq. of Design
Contributing Drain Size Drainage  Drain Storm Runoff Grate Required Pumping
Source at Station Area Capacity Frequency Discharge Elev. Pumping Capacity
(in./diam.) (acres) (cfs) (vears) (cfs) {(ft. msl) (years) {cfs)
Highway Interchange 48 15.5 65 , 5 28 (2) 24.7 5-10 33
Area 10 33
50 44
100 50
Armory & Vicinity 36 17.9 50 5 41 (3) 40 100 47
10 47
- 50 63
100 72
Combined Sewer 48 Not 30 (1) Not Applicable 30 20-30 30
Applicable Full Capacity
: ' Total 110 cfs

(1) Limited capacity with existing 24-inch diameter siphon.
(2) T, = 15 min. - Rational "C" .5
(3) T, = 20 min. Rational "C" .7




TABLE 5

POPE PARK PUMPING STATION
{MODIFIED RIVERSIDE PUMPING STATION)
PERTINENT HYDROLOGIC DATA

1. DRAINAGE AREA 7 _ 40 acres
2. DRAIN SIZE AT STA. 72 inch Dia.
3. DRAIN CAPACITY ' 140 cfs

4, STORM RUNOFF (Tc = 30 min., Rational 'C' = 0.6)

5 yr. Freq. 62 cfs
10 yx. Freq. _ 72 cfs
50 yr. Freq. 95 cfs
100 yr. Fred. 110 cfs
5. CONTROL GRATE EL. : ' 32 ft. msl
6. FREQUENCY OF PUMPING 25 yrs.
7. SELECTED DESIGN PUMP CAP. 75 cfs.

An inverted storm drain siphon will be installed at Station
20480 (Conduit Section 2). This is made necessary by the low area on
the north side of the conduit at this location. The area is too low
(EL. 32) to be drained eastward to the Armory Pumping Station and will
be conveyved to the existing 60-inch drain on the south side of the
conduit which will discharge intc the condult, by gravity, at Station
39+00+ through a gate chamber. During high river stages this flow
will be pumped by the new pumping statiom at Station 39+00. This
pumping station will pump the runoff collected on the south side of
the conduit from Station 9+00 to Station 38400 and oun the north side of
the conduit from Station 17400 to Station 21+00. Flow in the low
level drain above Station 38400 (south side of conduit) will be pre-
vented from entering the pump station by an arrangement of gates.
Discharge from the pumping station will be into the new conduit near
Station 39+00. - -
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In the vicinity of Farmington Avenue (Station 40+70+) there
is an existing 36-inch drain on the west side of Park River and an
existing 24-inch drain on the east side. Both of these drains collect
runoff in Farmington Avenue and discharge it into Park River. Since
the conduit prevents these pipes from being connected, it is proposed
to discharge each pipe separately into the conduit through gate
chambers which will provide both a flap gate and a sluice gate.
This will give positive closure of these lines during high river
stages.

In the area of the concreté flood wall, Station 42+65, there
will be drainage pockets created on each side of the conduit which
must be drained. Two solutions were considered. First, install
drain inlets in the low spots and convey the runoff in a pipeline
southward to the gate chambers mentioned in the paragraph above. It
would be necessary to install these drain lines on plles due to the
801l conditions in the area. TFor reasons of cost, this solution was
rejected. The adopted plan provides for drain inlets in the low areas
and gate chambers immediately adjacent to the inlets. This will
permit normal drainage. flow into the conduit and also provide positive
closure during high river stages.

14. HIGH LEVEL DRAINS. The layout of the high level drainage system
is shown on Plates Nos. 2A-14 and 2A-~15. Design criteria is contained
in Design Memorandum No. 1, HYDROLOGY, Paragraph 17, pages 28 and 29.
The intent is to intercept as much drainage from a 25-year storm as

is economically feasible before it flows into the low level area.

This will be accomplished by constructing street inlets between curbs
at intersections where there are heavy concentrations of surface
flows.

Rim elevations for these inlets will be established by taking
the elevation of the hydraulic gradient where the pipe discharges
into the river conduit during design flood conditions and adding
incremental losses for entrance and exit heads, pipe friction and some
surcharges. '

Discussion with city engineering personnel indicate that most
of the drains in city streets are combination storm drains and sanitary
sewers. They are old and overtaxed due to the substantial iIncrease
in population and built~over areas. TFor this reason, the pipe sizes
for new pressure conduits will be designed to carry the 25-year flow
alone,




The descriptions of the high level drainage areas is contalned
in Design Memorandum No. 1, HYDROLOGY, subparagraph l7c, page 26,
These descriptions are. updated as follows:

a, Subarea HL 1. This drainage area is divided into two parts
by Farmington Avenue. Currently under construction is a 60-inch
storm drain that begins at the intersection of Tremont St., and
Farmington Avenue and terminates at the intersection of Farmington
Avenue and the North Branch of the Park River., This pipe is designed
to carry a l0-year storm and will take a 25-year storm with surcharge.
There are two 18-inch sanitary sewers running parallel and on each
side of the 60-inch line. It is scheduled for completion in December
1974. This pipe which will upon completion discharge into the Park
River will be connected to the new conduit at Station 40-+00.

The northern portion of the drainage area (HLIa) will have surface
flows and storm drain laterals discharging into this new Farmington
Avenue drain. The drain being replaced is a 30~inch combined sanitary
and storm sewer. There is an existing 48-inch storm drain originating
to the northwest that crosses the Tremont St. Farmington Avenue inter-
section and ties into the 8'-8" X 7'~0" conduit at the junction of
West Boulevard and Sisson Avenue. This drain will be tied into the
60~inch Farmington Avenue line lessening the load on the Tremont St.,
drain downstream from this point.

The southern part of this drainage area (HLIb) is picked up by a
system of combined sanitary and storm sewers and the downstream end
of the Tremont St. drain. These lines discharge into the §'-8" X 7'-Q"
trunk sewer that discharges into the existing Park River conduit at
Station 27+00+.

No modifications are proposed for the existing high level drains
in this area.

b. Subarea HL2. This drainage area has an existing 66 inch
pressure conduit that discharges into the South Branch conduit. A
street inlet between the curbing of Park St., east of its inter-
section with Orange St., will be installed to pick up surface flows
that are not picked up by existing inlets during intense storms.
There is an approximate 6 foot differential between the rim elevation
of the inlet and the hydraulic gradient in the South Branch conduit
during a design river flood.
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c. Subarea HL3. An existing 24" overflow pipe in the Pope Park
Pond carries drainage from the areéa to Park River through a gate
chamber located just upstream of the proposed junction structure on
the South Branch conduit. With a design river flood, the surcharge
required to force a coincident storm into the conduit would overflow
onto Park Street, and run into the low land drainage area. . This will
be remedied by constructing a dike in the overflow area allowing
enough surcharge to accummulate to discharge a 25-year storm.

d. ‘Subarea HL4.  The overtaxed combination storm drain and
sanitary sewers in this area allow substantial quantities of run-
off to bypass existing inlets during moderate and intense storms.
Topography indicates the heaviest concentration of these flows to
be on Broad and Lawrence Streets. Two 48~inch pressure conduits
with special street inlets (curb to curb) will be constructed on
these streets with the rim elevations set to allow a surcharge build-
up capable of discharging a 25-year storm intc the new Park River
conduit at the locations shown on Plate 2A~15. Similar arrangements
will be made at the intersection of Capitol Avenue and Hungerford
Street (42 inch pressure drain) and Babecock and Putnam Streets be-
tween Capltol Avenue and Russ Street (24 and 18 inch pressure drains).

€. Subarea HL5. This drainage area has an existing 42-inch
pressure conduit that discharges into an existing section of Park
River condult. A street inlet will be installed near the inter-
section of Hawthorn Street and Sigourney Street to collect any runoff
which bypasses the existing inlets.

£. Subarea HL6. There is an existing 66-inch pressure conduit
that discharges into the existing Park River conduit. A street in-
let will be installed near the intersection of Forest Street and
Hawthorn Street to collect any runoff which exceeds the capacity of
the existing inlets. : '
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E. GEOLOGY AND SOILS

15. GENERAL GEOLOGY OF THE AREA. The project is located within the
Connecticut Valley lowland an elongated basin of sedimentary rocks approxi-~
mately 20 miles in width extending from Long Island Sound northward through
the center of the State of Connecticut. The bedrock of the basin is of
Triassic age and is comprised of conglomerate, shale and sandstone through
"which have intruded more recent sheets and dikes of basalt, a volcanic

rock commonly called "Trap." The basin is bordered on the east and west

by faults which separate it from the New England Upland an area of moderate
relief comprised of maturely dissected resistant crystalline rocks. The
relief of the basin is low except where faulting and differential weathering
have left prominant ridges of resistant "trap" rock projecting above the
valley floor. The general relief of the region presents a north-south
"trend which reflects the general strike of the trap rock ridges and of

the sedimentary rocks which dip gently to the east.

The bedrock of the region is blanketed by glacial till which generally
mantles the bedrock surface, occurring at the surface Iin the highest parts
of the lowland. In the lowland areas the till is burled beneath extensive
lacustrine deposits of stratified sand and varved silt and clay. These
deposits, formed in glacial lakes generally having a spillway to the south
produced a generally southward dip to the varved silt and clay deposits
of the major valleys. These varved, fine grained deposits grade upward to
silts and sands and become integral with the terraces of sands and gravels.
The sand and gravel terraces formed in temporary lakes were controlled
by the local splllways during glacial recession which in wvicinity of
the Park River in Hartford approximates elevation 45 M.S.L.

The subsurface water surface is controlled by the local stream gradient
with the upper clay layer creating an impervious boundary which controls
subsurface discharge and produces local slope failures. Poor drainage in
tributary streams has been caused by local damming of drainage systems
during glacial recession compounded by trap rock ridges which have inter-
rupted the east-west stream development.

16, SURFICIAL AND SUBSURFACE INVESTIGATIONS.

a. Previous Investigations. Data from geologlical reconnaissances
and test boring data provided by the Greater Hartford Flood Commission and
Connecticut State Highway Department were presented in a report entitled
"Report on Review of Survey for Flood Control Park River Basin,' volume
11 dated July 1966, Location of previous borings pertinent to the present
project are shown on Plates 2A-2, 2A-4, 24-5, 2A-6, 2A-8, 2A-9, 2A-10 and
2A~11.

b. Current Investigations. Detailed geologic recomnaissances and
twelve test borings were made in 1972 to 1973 along the presently proposed
Box Conduit structures. A seismic survey was conducted in 1973 along
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sections 2 and 9, to further define depths to bedrock and continuity

of the clay and till surface on the slopes of Pope Park. One undisturbed
boring has been made to obtain representative samples of the varved

clays for testing. For locations of explorations and seismic lines

see Plates 2A-2, 2A-4, 2A-5, 2A-6, 2A~8, 2A-9 and Appendix B for repre-
sentative boring logs.

&. Future Investigations. Further investigations are planned in
the area of the headworks structure and pumping station. The number and
location of these borings will be determined during finalization of the
design of the structures

17. FOUNDATION CONDITIONS.

a. General. The Park River flows into the project area from the
north over local alluvial features underlain by thick deposits of varved
8ilts and clays. The typical geologic profile displavs a variably thick .
deposit of compact glacial till intermediate to the clay and bedrock ' i
surface. Recent fills of variable composition are in evidence along |
the stream channel throughout the project area. The thickness of the !
overburden deposits thin rapidly to the south and east becoming conformable
wilth the bedrock surface at the easterly limits of the project. The
depth to the water table throughout the limits of the project is gen-
erally less than 10 feet below the land surface during part of the year,

A discussion of the geologic profile at the individual sections of
work is as follows: ‘

(1) Section 2 Sta 8+68 to Sta 21+00. Bedrock at the section varies
between 0 and 20 feet M.S5.L. and is overlain by a compact glacial till
from 1 to 15 feet in thickness (see plate 24-~19). The bedrock consists ;
of a moderately hard gently dipping red shale and sandstone, - The bed~ -
rock surface has been varilably eroded by the Park River and by natural
excavations but in general presents a gently sloping bedrock surface
of adequate bearing for support of the propped structures, . A projected
fault defined by the alinement of the basalt ridge at Zion Hill and
previous borings made for a city tunnel intersects the project at the
lower end of the structures in the vicinity of station 11+00. The fault
projection trends northeasterly with the upthrown side of the fault to
the southeast. There is no surficial evidence of the fault at the
location of the project structures, High natural £ills and buildings
border the present stream channel on both sides.

(2} Section 4 Station 38+10 to Station 51+33. The bedrock surface
dips to the north normal to the direction of the conduit section and
presents an irregular surface along the alinement of the section between
+5 and .-5 M.5.L. On the easterly side the bedrock is overlain by a
compact glacial till varying in thickness from 2 to 20 feet and is
blanketed by a layer of soft varved silt and clay which continues up
the slope above the cut bank of Pope Park (See Plate 2A-18). These
upper slopes surficially display typical slide failures with numerous -,
springs which have developed pronounced gullies normal to the stream. !

20



S

The west side of the alinement consists of a compact glacial till over-

1ying the bedrock surface and is mantled by recent fills. Seismic

profiles supplemented by borings have delineated the rock surface along
the alinement profile and normal to the stream along the critical areas
of slope stability. Bedrock throughout the section consists of a
moderately hard red shale and sandstone generally unweathered except
for localized weathering along open high angle joints. Thin calcareous
coatings along the Joints and calcite seams occur throughout the rock
cores.

{3} Section 5, 7 and Junction Structure, Station 1+55 to 12+20.
Geologic conditions applicable to the upstream limits of Section 4
are generally conformable with Section 5 except for the addition of a
continuous thickness of soft silt and clay on the northeast side of the
structure. A continuvation of the compact till and soft silt and clay
layer are relatively uniform in the downstream limits of the section.
Beyond the mid point the bedrock drops rapldly with an increase in the
thickness of the varved clay deposits. (See Plate 2A-17). The till
mantle maintains a relatively uniform thickness sveraging approximately
20 feet over the entire alinement with ground water surface throughout
this reach approximating the stream gradlent. The bedrock surfaces are
moderately irregular with a gradual deepening of the rock from elevation
0 at the downstream limits to in excess of elevation -60 at the junction
with existing Section 8. ¥Fills of highly variable composition encroach
on both sides of the present streams with thicknesses averaging from
15 to 20 feet.

(4) Section 9 Statdion 39480 to 43+00. WNortherly of Section 8
the bedrock surfaces as depicted by borings and seismic survey rises
from elevation ~90 at Farmington Avenue to elevation -60 approximately
800 feet north. The moderately hard red shale is overlain by thick
deposits of compact glacial till as great as 45 feet and soft varved
silt and clay to depths of 90 feet (See Plate 2A-16). The ground water
surface approaches the natural stream gradient. Fill deposits of vari-
able thickness blanket the soft silt and clay deposits. Bedrock in this
section consists of a moderately hard red shale and sandstone with
little surface weathering.

E. Se0il and Rock Properties assumed for purpose of this design
memoxandum are discussed below. Foundation design will be submitted
in detail in Design Memorandum No. 5 Embankments and Foundations, Part I.

(1) Varved Clay. The varved clay formation consists of alternate
bands of clay (CH) and silt (ML). The thickness of the bands vary from
paper thin to a few inches. Preliminary investigations show the follow-
ing soil properties.
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Clay Bands S8ilt Bands
Plasticity Index 30 to 45 5 to 15
Liquid Limit 50 to 75 35 to 45
Natural Water Content 60 to 70 40 to 50
Void Ratio 1.7 # ‘ 1.2 £
Specific Gravity 2.77 to 2.85 2,73 to 2,81

Visual inspectlon of samples from Corps borings done to date indicate
that the percentage of clay bands vary from about 40 to 90 percent.
"Undisturbed" sampling and testing of the varved clay will be done as
part of the design effort schedule to be included in the embankment and
foundations design memorandum.

{2) Till. The till consists of compact unsorted soil ranging
from non~plastic gravelly silty sand to glightly plastic silty-clayey
- gravelly sand. Preliminary investigations show the followlng till properties:

Plasticity Index Nonwplastic to 5 i
Liquid Limit 20 maximum :
-Natural Water Content 7 to 14

Void Ratio about 0.3 g
Specific Gravity 2.69 to 2.76 i

(3) Rock. The rock is a moderately hard red shale and sandstome.
‘Bedding is not comspicuous but where discernible the dip is horizontal
to 109, Preliminary investigations indicate the following rock properties:

Compressive Strength (75% sat.) 2000 p.s.i.

Sliding Friction on Natural Joint . = 10° Avg.
Selsmic Velocity- Upper layers : 9-14,000 fus
Non Slaking 2 cycles

&+ Box Conduit Foundation. The box conduit sections will be
founded on till, rock, or on piles end bearing on till or rock. A pile
foundation is provided where there ig varved clay in the foundation.

_ (1) Section 2. The structure will be founded on rock or till. i
Limited reaches may require removal and concrete £1ill. ‘

(2) Section 4. The structure will be founded on compact till or’
rock. Limited foundation reaches will require removal of soft clay and
replacement with concrete fill.

(3) Sections 5 and Junction Structures. - The foundation consists of
2 to 8 feet of varved clay overlying compact till. The till deposit is
10 to 25 feet thick and it overlies rock. The soft clay overlying the:
till will be removed and replaced with concrete fill. The structures
will thus be founded on compact till.
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(4) Section 7. The foundation consists of a soft varved clay layer
20 to 40 feet thick overlying compact till, The till deposit is 10 to 30
feet thick and it overlies rock. The structure will be founded on end
bearing piles.

(5) Section 9. The foundation consists of a soft varved clay layer
50 to 90 feet thick overlying compact till. The till deposit 1is 10 to
50 feet thick and it overlies rock. The structures will be founded on
end bearing piles. ‘

18. SEISMICITY. The Hartford area is placed in the category of

minor damage (Zome 1) according to the seismic risk map recently devel-
oped by the Environmental Science Service Administration and the Coastal
and Geodetilc Survey. According to Engineering Technical Letter No. 1110-
2-109, dated 21 October 1970, hydraulic structures in Zone 1 will be
designed to withstand earthquake accelerations of .05g. A single pro-
jected fault zone intersecting the project structures 1is discussed under
Site Geology, Paragraph 17.a.(l).

F., OTHER PLANS INVESTIGATED

19. BOX CONDUIT. The Box Conduit portion of the project consists of
the design of the remaining sections necessary to complete the project.
Sections 2, 4, 5 and 7 connect existing sections of conduit to a pre-
determined grade and alinement.

The alinement of Section 4 was moved 20 feet toward the left bank.
With the old alinement the distance from the bottom of the excavation
to the top of the necessary sheeting for the right bank would have been
approximately 30 feet. With the revised alinement the distance from
the bottom of the excavation to the top of the sheeting will be reduced
to approximately 15 feet. The revised alinement will reduce the con-
struction problems in this reach, and make for safer construction
operations.

The length of condult Section 9 was decreased from 935 feet to
320 feet in accordance with the 2nd and 3rd Indorsements to Design
Memorandum No. 2 - Phase I - Plan Formulation.

20. ARMORY PUMPING STATION. After hydrologic and interilor drainage
studies, the station capacity was reduced from 170 cfs to 120 cfs.

21. POPE PARK PUMPING STATIOR (formerly Riverside Pumping Statiom).
This station was moved to the downstream end of Conduit Section 4.

After hydrelogic and interior drainage studies, the station capacity was
reduced from 180cfs to 75 cfs.
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22. AUXILIARY CONDUIT. The alinement of the tunnel portion of the
Auxiliary Conduit has been revised. Two curves in the tunnel were ,
gliminated and the tunnel now has a straight alinement. The length of

the tunnel portion was reduced from 6,300 feet to 6,000 feet. The
remainder of the alinement is under intensive investigation at this

time and the results of the studies will be presented in Design _
Memorandum No. 2 ~ Phase II - Project Design - Part IT - Auxiliary Conduit.

G. DESCRIPTION OF PROPOSED STRUCTURES AND IMPROVEMENTS

23. GENERAL. The recommended plan for completing the existing flood
control project for Hartford, Conn. is shown on Plates 2A-1 through
24-13, consisting of conduit extension Sections 2, 4, 5, 7, and 9;

a Junction Structure, a Concrete Headwall at the entrance to Section 9
on the North Branch, an Auxiliary Conduit from the Junction Structure
to the Connecticut River, the Armory Pumping Station and the Pope Park
Pumping Station (formerly the Riverside Pumping Station).

24. CONDUIT EXTENSIONS. The condult sections will be of reinforced
concrete with all sections having twin-rectangular barrels. Sections

2 and 4 will enclose 2,569 linear feet of the Park River. Section 5 will
be 100 feet in length on the South Branch and Sections 7 and 9 will
enclose 1,364 linear feet of the North Branch of the Park River.

The inside dimensions of each barrel of the conduit for Sections
2 and 4 will be 34 feet wide and 26.5 feet high. Section 2 is shown on
Plates 24~10 and 2A-11 and Section 4 is shown on Plates 24-8 and 24-9.

Section 5 will have twin barrels with inside dimensions of 36 feet
wide by 27.5 feet high as shown on Plates 2A~6 and 2A-7.

Sections 7 and 9 will have twin barrels with inside dimensions of
22 feet wide by 25 feet high. - Sectlion 7 is shown on Plates 2A~4 and
2A-5 and Section 9 is shown on Plates 2A-2 and 2A-3.

25. JUNCTION STRUCTURE. The Junction Structure shown on Plates 24-6
and 2A-7, to be of reinforced concrete, will serve to combine the flows
from the North and South Branches and distribute them to the Park River
and Auxiliary Conduits and thence to the Conmecticut River. A model
study performed under contract with the Alden Research Laboratories,
Worcester Polytechnic Institute to determine the size and shape and
effects of structural obstructions to flow has been- completed and
incorporated into the design presented.

26. NORTH BRANCH HEADWALL AND PORTAL., A reinforced concrete headwall
and portal will be constructed at the entrance to conduit Section 9,
shown on Plates 2A-2 and 24-3. A monolithic base will support canti~
levered headwalls and a semi-circular low weir section portal with five
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vertical trash bars spaced uniformly in plan along the weir. Extensions
of the headwall both east and west will be reinforced concrete retaining
walls and I-walls to high ground to either side of the conduit. The

top elevation of the headwall and portal will be 54.5 feet msl. The
same as that of the headwall constructed at the entrance to the South
Branch conduit and will provide 2.5 feet of freeboard.

27. ARMORY PUMPING STATION. A pumping station for the discharge

of interlor dralnage shall be provided on the left bank of the Park
River adjacent to the completed conduit Section 1 and east of the State
Armory. The existing substructure (previously constructed by the
Comnecticut State Highway Department at this location) will be inte-
grated with new superstructure, pumps, interior drainage system, and
necessary equipment to make a fully operational station. Three vertical,
nonclogging, mixed-flow, volute type pumps each with a pumping capacity

" of 18,000 gallons per minute shall be provided to pump the anticipated

maximum inlet flow to the atation of 120 cfs. The pumps will be diesel
driven through right angle gear units. Normal interior runoff would
normally flow through the 7'x7' gravity conduit to Park River conduit
Section 1. During river flood stages the runoff would be diverted
through the pump station, by operation of sluice gates, and pumped into
conduit Section 1.

28. POPE PARK PUMPING STATION (formerly Riverside Pumping Station).

A pumping station for the discharge of interior drainage shall be provided
in Pope Park on the right bank and adjacent to the downstream end of
Section 4. Three vertical, nonclogging, mixed-flow, volute type pumps,
each with a pumping capacity of 11,500 gallons per minute shall be provided
to pump the anticipated maximum inlet flow to the statiom of 75 cfs.

The pumps will be diesel driven through right angle gear units. Normal
interior runoff would normally flow by gravity to conduit Section 4.

During river flood stages runoff would be directed through the pump

station and pumped into conduit Section 4.

H. CONSTRUCTION PROCEDURE AND DIVERSION PLAN

29. GENERAL. The Park River Local Protection project consists essentially
of two main construction features; being, the Box Condult and the Auxiliary
Conduit. The Box Conduit feature includes Sections 2, 4, 5, 7, 9 and the
Junction Structure. The Auxiliary Conduit includes a transition structure, .
a tunnel in rock and a tunnel extension by open cut. Each of the major
features as well as their components contain certain conditions and re-
strictions which warrant an individual approach to the problem of con~-
struction and diversion. Sections 2 and 9 of the Box Condult feature are
isolated and lend themselves to different solutions. The Junction Structure
and its appurtenant Sections 4, 5 and 7 are interrelated and must be
analyzed as a unit. The Auxiliary Conduit is basically an 1ndependent
element except for its tie in to the Junction Structure.
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30. HYDROLOGIC CONSIDERATIONS. The hydrologilc criteria utilized in the
development of the diversion plan is presented in Paragraph 10 "Stream
Flow Management During Construction.'" It is contemplated that all phases
of construction requiring use of a flume for diversion will be performed
during the summer season when frequency of high flow is at a mimimum.

31. SECTION 2. Section 2 serves to close the gap between existing
completed Sections 1 and 3. This segment of Park River features a
highly built up region with numerous buildings in the close proximity -
of the river channel. Two streets cross the river within the limits of
Section 2. The river bottom consists primarily of bedrock or bedrock
with shallow cover. The proposed plan of construction in this reach
is detailed on Plates 2A-10 and 2A-11 and consists of three phases.
Phase A entails building a longitudinal sandbag dike approximately
along the channel centerline for the full length (1232 feet). River
flows would then be diverted to the north half of the channel followed
by the installation of anchored comstruction sheeting. The south half

is then excavated to El. 11.5 as shown: A 25 ft. diameter semi-circular

flume would be installed in the excavated area, properly braced and the
river flows diverted into the flume (Phase B - Plate 2A-11). Once the
diversion is completed, the north half of the box conduit is to be con~
structed. The water 1s then diverted through the completed half of the
box condult while the 2nd half of the condult is built - Phase C.

32. JUNCTION STRUCTﬁRE AND ASSOCIATED SECTIONS 4, 5 and 7.

a. Concept. The junction structure is the key to this segment of
the project since the three sections and the auxiliary conduits radiate
from this focal point (Plate 2A-1). Consequently, the construction and
diversion focuses upon constructing the Junction Structure first followed
by sequential construction of various segments as illustrated by Phases
A through F on Plate 2A-13.

b. Phase A. Phase A focuses on construction of the Junction Struc+ -

ture which is to be initiated by constructing a diversion channel around
and to the north of the structure site, The diversion plan will ac-
commodate both the North and South Branches of Park River and will rum
through an existing parking lot. Once the diversion 1is completed braced
sheet piling and soldier beams and lagging will be installed to encom~
‘pass (3 sides) the general outline of the Junction Structure. A berm
is to be constructed downstream of the structure to control backwater

as well as to provide additional access to the construction site, Once
inclosed the site is to be excavated to proper grade. The structure is
then to be constructed in the dry as one complete unit after which the
Contractors may proceed with Phase B,
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¢: Phase B. The construction emphasis will then shift to the
southern half of the twin box conduit in Section 4. Stream control will
be accomplished by means of a 25 ft. diameter semi-~circular flume which
will extend from the terminus of the existing Section 3 to approximately
Sta. 51400 at the Junction Structure. Once the stream control is effec-
tive the system of soldier beams and lagging is to be extended on the
south side and parallel to the conduit. The channel will then be ex-
cavated to grade and the south half of the twin box conduit is to be
constructed.

4d. Phase C. After the southern half of Section 4 is completed
(or concurrently) the southern half of Section 5 is to be built in a
similar manner (Phase C). This is to be accomplished by extending the
gystem of soldier beams and lagging on the south and by installing
single wall sheetpiling on the north. The stream flow in the southern
half of the existing Section 6 will be stopped by means of a sandbag
cofferdam installed upstream. Once the site is isolated and free
of water, excavation and construction will proceed.

e. Phase D. Upon conple